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lowering the actual dose requirements. Another reason that the toxicity 
may be lower is that a drug which might otherwise undergo undesirable 
reactions in the body, such as precipitation, complex formation, reaction or 
degradation, will be prevented or inhibited from such reactions as a result 
o> the polymer-drug combination. 

Specific polymers which have been employed as drug carriers are 
dextran. which is a polysaccharide obtained by the fermentation of sucrose 
and various synthetic polymers such as vinyl polymers, polyacryiates and 
poiyam.des. Examples o, drug-polymer complexes employing dextran are 
disclosed y Herb. 3. R.. U.S. Patent 2.885.393. May 5. 19,9 and London. 
E.. et al.. U.S. Patent Re. 2<,.6«. April 28. J959. Polymer drug complexes 
are described generally in an article published in Chemical Wee.. April 26, 
978. page .5. The following United States patents also describe combina- 
tions between polymers and various active components: 

3,608,063 3,998,97<» 

3,629,392 *.003,990 

3.966,902 <i,035.*79 

3,998.620 ' f ^ 

To be useful as. a drug carrier, a polymer must be capable of 
ormmg a bond or complex with the drug. This capability is dependent on 
he reactive bonding site, on the drug, and also on the bonding ability of 
the polymer. In the case of a polymer-drug combination in which the drug 
is released from the polymer in vivo, the drug and polymer should be 
connected by a labile bond. ,n the case of a combination in which the drug 
remains on the polymer in yWo, the drug-polymer bond must be relatively 
stable and must not appreciably interfere with the drug activity. The 
po ymer must itself also be substantially non-toxic. Advantageously, the 
polymer can be modified so that the rate of release of the drug component 
or us in VIVO activity can be accurately controlled. A disadvantage of 
several of the polymers which have been investigated for this purpose is 
^ that they persist in the body. .That is. after the drug groups have been 
released, the polymers are not easily excreted or metabolized to harmless 
components. Such polymers may. therefore, act as cumulative poisons in 
the body and defeat their desired function. 

Generally, with some exceptions, the use of polymeric drug 
earners has heretofore been limited to formulations *or oral or topical 
administration. The toxic effects and the degree of Jong term persistence 
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.-. ... the body are much more significant in 
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effect thereof has been realized, the polymer is substantially metabolized 
or excreted. Side effects resulting from the use of the drug carrier are 
thereby minimized. 

The period of prolongation of the activity of the active corr- 
ponent is somewhat dependent on the degree of persistence of the polymer. 
This degree of persistence can, in turn, be controlled by varying the ieveJ 
of substitution of the polymer as described by Hershenson, et aJ., supra. 
The greater the degree of substitution, the slower will be the rale of starch 
hydrolysis in vivo. ,j the active component is effective while bound to the 
polymer or to polymer subunits, higher degrees of substitution will prolong 
such effectiveness by increasing the degree of persistence of the polymer 
H shorter action is desired, the degree of substitution can be reduced 
resulting in more rapid hydrolysis of the. polymer and thus more rapid 
release of the active componem. If the active compound is bound to the 
polymer by a labile bond, the rate of release of such compound into a body 
fluid ,s dependent both upon the level of substitution of the polymeric 
carrier and upon the strength of the labile bond in vivo. . 

The preferred level of substitution for the. hydroxyalkyj starch 
will vary, depending upon the particular active component for which the 
polymer is a carrier, the rate of release or prolongation of activity wh.ich is 
desired, upon the manner of administration. The level will generally fall in 
the range of from about 0.1 to 3 for oral administration and from 0.1 to 1 
lor parenteral administration. The preferred range of the Jevel of 
substitution is from about 1 to 3 lor oral administration and from about 0.(, 
to 0.8 lor parenteral administration. 

it should be recognized that the hydrolysis of hydroxyaJkyI starch 
.s accomplished in the body Jargely by enzyme action, e.g. by the action of 
amylase. Thus, the degree of persistence of the polymer is increased as 
substituent groups thereon are added. As indicated, the level of substitu- 
tion with hydroxyethyl groups may advantageously be used to control the 
degree of persistence, but substitution with the biologically active 
component can also affect the susceptability of the polymer to enzyme 
action, and thus determine the degree of persistence. In an extreme case, 
the level of substitution of the polymer may be very low. approaching zero, 
but because of the presence of active compound on the polymer, the degree 
of persistence is in the desired. range. Because of the effect of the active 
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Scheme I 

Polymer R > Polymer - R 

Drug 4 r' > Drug - R^ 

Polymer - R 4 Drug • R^ ^ Polymer - R . r' * Drug 

Scheme II 

Polymer 4 R ^ Polymer - R 

Polymer - R + Drug Polymer • R . Drug 

Scheme III 

Drug 4 ^ Drug - R 

Drug - R 4 Polymer — > Drug - R Polymer 

In each of the above schemes, the derivatizing agents are 
carefully selected so that the drug or an active drug derivative will be 
released in yjvo, or the activity of the drug will be maintained while it is 
bound to the pojymer, A fourth scheme involves the reaction of a drug 
precursor (Drugp) with a derivative, followed by reaction with the hydroxy, 
alkyl starch polymer. Upon reaction in vivo , the active drug is released. 
This scheme is represented below. . 

*^"§p R ^ Dr ugp-R 

Drugp • R 4 Polymer > Drugp • R . Polymer , 

in vivo 

Drugp^- R ^Polymer ^ Drug 

Derivatizing agents useful for producing compositions of this 
invention include substantially any non-toxic compound which will link the 
active compound to the polymer. Polyfunctional organic compounds are 
•useful lor this purpose. Through the above-described reaction schemes, a 
wide variety of biologically active compounds can be combined with 
hydroxyalkyl starch to form controlled release formulations. 

Specific examples of useful modifications to hydroxyalkyi starch 
are listed below (HES indicates hydroxyethyl starch). For convenience, the 
reaction involving only one or two hexose units of the hydroxyethyl starch 
is indicated. 
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These hydroxyethyj starch derivatives 
proteins such as the -nti.- . "^"^'^^^'ves can be reacted with 
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enkephaJins, and amino acids. 

u-ith the loJJo..ing scheme (HO R " ^^^ordance 

b cneme (HO-R represents the drug): 



OH 



OH .O 



C»-CH2-Ch-CH,-0R 



HES-O-CHg-CH-CKj-OK 



- ^= ^r.'t^irr-' '-^-^ 

mphenico). P'tdrasone a„a antibiotics ,„ch « chlora. 

:;:r " - -~ ^^^^^^^^ 
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CHgOH 

✓ Ox OH" O H 



A. STARCH ♦ CH,-CH-Bf 

^ -0 

CKjOU 



JO 





H '■OCHj-CH-OH 



15 



« O CH-CH2-OH 
Br 

CH-,Br CH,OH 
HES 1 HB, — ^ N % \^ 



(«.) Drugs, having alkyj haJide functions such ,k 
20 asentsch,ora.buci,andcyciophosphamlde ^""^^^'"^^^ 

chlorambucil 1 

cycJophosphcmfde 



^'ing reaction: 



can react with hydroxyethyj starch directly by the foJJow; 
30 •• . 

DMSO 

(HES)-OH t Cl-(CK J— R DMSMo* 

— 50•C^HES-0-{CHJ- 
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HES-Br + Mg ^ HEE-MgBr 

0 R' 

HES-MgBr + R-C- R' --HES-C-OH 

I 

R 



10 



HO ^H^OH 

J5 O 1 C=0 




aldosterone 

20 (6) 



reaction: ' ^ydroxyethyj starch by the ioJlouL 



25 

(HES) - OH + C - CH, C, 5^,„eSK0CH,-^-n„p 



30 



oiaceiyj <, . djammodjphenyJsulfone). 
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(7) Active compounds having carboxyJic acid functional groups can bg 

convened to acyl halides by reaction with thionyj chloride. For instance, 
chJorambuci) can react as follows: 

» 



• Acyl haJides can, in turn, react with hydroxyethyj starch as 
follows (E 4 Cl^ represents l,2*dichloroethane): 



(HES)-OH f R - c-Cl ^ (HLS>- Q- C -R 

pyri d top 



20 (8) Drugs having alkyl halide groups such as the antineoplastic agent 
pipobroman can react to form isocyanates which can react with 
hydroxyethyl starch. 



0 . — . o 

25 II / \ ti 

" BrCH^CH-C- \ N> C-CH^CH^B> 

ptpobromon 



30 



Sec 



(9) Anhydrides can reac\ with hydroxyethyj starch Jn the Icllowing 
manner: 
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<HES)-OH+R.?.o-?-R-. 



•<HES)-0-C-Rt(HES).0-C-R' 




2 



'{HES)-OH 




OCrCtH 
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another useful oxidation reaction is: 



CH-OH 
H /f-'OH 



HES 4 HIO^ .oX^«)l- + «J03 + "20 



The reaction of aldehydic hydroxyethyl starch with an amine-containing 
drug is represented as follows: 

o 

{HES)-C-H + HgN-DRUG HES - CH = N-Dfug 



Certain drugs can be derivatized lo contain amine groups which can react 
with aJdehydic hydroxyethyl starch by this scherne. 

The method of the present invention is particularly advantageous 
for administering iron to a patient. The requirements of the body for iron 
and its therapeutic and prophylactic uses are well documented. Iron salts 
are generally not administered orally for therapeutic purposes becauses 
they are poorly absorbed or because they sometimes cause disturbances in 
the alimentary tract. Therefore, iron is preferably administered parenter- 
ally, generally by intravenous injection. Solutions of iron salts are not 
usually injected directly because they are toxic. A particular problem is 
that acidic iron forms insoluble precipitates at physiological pH. To 
overcome these problems, physiologically compatible iron conjplexes have 
been, developed for parenteral administration. Such complexes have' 
included saccharated iron, complexes of iron with dextrans or dextrins, and 
complexes of iron with a water swellable polymer. Examples of the latter 
complexes are described in U.S. Patent 2,885,393, May 5, 1959, and 
Canadian Patent 991,5<i<i. 

It has been found that the method of the present invention may be 
advantkgeously employed for the administration of iron. Citric acid has a 
stabUizing effect on the iron and prevents precipitate formation during the 
35 reaction. The iron may be bound to the hydroxyalkyl starch through a 
citric acid derivative, but the exact structure of the iron-polymer 
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EXAMPLE 1 

This Example demonstrates the preparation of an iron- 
hydroxyethyj starch combination. 

HydroxyethyJ starch (prepared by the procedure described in 
LxampJe 11 oi U.S. Patent 3,523,938, and further acid hydrolyzed to a 
molecular weight of 45,000), 80 g, was dissolved in water to yield 400 ml. 
of a 20% w/v solution (Solution 1). Ferric chloride (FeClj ' 6HJ}), 125 g, 
was dissolved jn water to yield 250 ml. of a 5096 w/v solution (Solution il)' 
Solution I was heated to 60° C with stirring, and Solution II was heated to 
'»0.60 C with stirring. Solution II was slowly added to Solution I with 
stirring. After addition was complete, granular citric acid, 53.5 g, was 
slowly added^t6.the mixture with stirring, and the resulting solution was 
stirred at 60° C for an additional 20 minutes then allowed to cool to room 
temperature. A 20% aqueous solution of NH.OH was prepared (Solution 111) 
and slowly added with stirring to the ironlhydroxyethyl starch-citric acid 
solution until the pH reached 10.4. The solution was then heated to 50° C 
and stirred for 20 minutes, cooJed to room temperature and filtered 
through a 0.8 p filter. The solution was purified by overnight dialysis 
against distilled water, and was concentrated to 1100 ml. by vacuum 
distillation. The iron-polymer combination was precipitated by combining 
the concentrated solution with 8 liters of acetone. The resulting precipi- 
tate was collected by filtration and washed several times with acetone. 
The precipitate was dried at 80° C in vacuo, yielding 91 grams of dry 
product having an iron content of 22.7 by weight. 

EXAMPLE II 

The product from Example 1 was used for the preparation of an 
injection solution. The dry product (50 g) was dissolved in warm (50° C) 
sterile water (100 ml.) by adding the powder slowly to the warm water with 
stirring. The solution was brought to 175 ml. by the addition of 1.58 g of 
•NaCl and sterile water. The solution was then filtered through a 0.22u 
filter and placed in 30 ml. vials. The vials were sterilized for 15 minutes 
at 250 F and the solution had an iron concentration of 50.5 mg/ml. 

EXAMPLE 111 

The experiment of Example I was repealed in all essential details 
except that following dialysis and concentration of the solution, the iron- 
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hydroxyethyl starch was precipitated in cold (5.J0° C) acetone, the super- 
r^atant discarded and the precipitate washed with one liter of 8096 aqueous 
acetone. The precipitate was allowed to resettle, the superr^atant 
d.scarded. and the procedure repeated After the second wash, the 
preopnate was redissoJved in .00 ml. of a 0.7% w/v solution of citric acid. 

diluted to 600 With water. The iron-hydroxyethyl starch was reprecipi- 
tated and washed with two 1 liter aliquots of 80% acetone. The resulting 
precpaate was then redissolved as above, reprecipitated. washed with 
three , I.ter aliquots of ,00% acetone and collected by vacuum filtration. 

acJt ot d"'' ^T"'-'''' ^" ^'''^'"''''^ ' '^-^ °^ 

acetone dunng filtration and was dried as described ir, Example ,. 



EXAMPLE IV 

A dry prepa«,io„ „1 iro,^Mro«ye,hyl s,„ch w« p,^,^a as 
follows: Hydroxyelhvl si.r^h in. . F'=P«reo as 

' I" dissolved in 100 ml. of wait, 

Fernc chloride (FeClj • 6H,0), 20 g, was added .„ ,he hydroxye.hyl „arc 
solution wi,h sfirring. and ,he resuMin, .olu.ion was heaL ,„ 50° C o 
n«n..os ,he„ h.a«d ,o 70« C for 30 mi„.,«. The solu.on was allowed lo 
coo. ,0 room ,.mpe,a,„r. and ,h. pH was adjusted fr„,„ 2.9 by 

addrtion of 20« NH,OH. The resulting solution was then dial,«d agains 
n.n.„g drstilled water overnight. The dialy^ed solution was Icentrate 

cLr^ T""™"" '° »'".ion was 

comWd w,th 1 200 ml. of acetone which had h«,„ cooled to .20<> C by the 
add,,,o„ Of dry ice. thus causing precipitation of the iron-hydroxyethy, 

wHh ; ' """" '° 'O temperature 

...h s«r„ng, and the precipitate was collected b, «cuum f iltration, the 
P-C.p.t.te being washed with 1 liter o, acetone in the process. The 
precprtat, was then dried in a vacuum oven at ,0°c overnight to yield 
g of dry product. 

EXAMPLE V 

The experiment of Example 1 was repeated in all essential details 
except that the hydroxyethyl starch starting material was subjected to acid 
hydro,ys.s to a molecular weight of ,0,000. The solution was purified by 



0019403 



J6 



ultrafiltration through a JOOO moJecuJar weight cut off fiJter to remove 
free ,ons. The dialysis step was excluded from the procedure. The 
experiment yielded 80 g of dry product containing 25.*% iron by weight. 

EXAMPLE VI 

This example describes the preparation of a hydroxyethyl starch- 
.nsuhn combination in accordance with the present invention. 
Hydroxyethyl starch (, g) in 25 mi. of water is added to a well stirred 
mixture of CNBr (200 mg) in 100 ml. of water. The pH Is maintained at 1 1 
by the addition of 2N NaOH. The activation reaction is continued for 10 
mmutes and 20 mg of insulin in 20 ml. of , M sodium bicarbonate are then 
rap'^Jly added, lowering the pH. The solution is then stirred overnight in an 
ultrafiltration cell equipped with an appropriate membrane. .The solution is 
then concentrated and washed with 6 Molal guanidine hydrochloride. When 
no further free insulin is .detected migrating through the membrane, the 
composition is thoroughly washed with water and concentrated to a final 
volume of 60-80 ml. The experiment should yield a hydroxyethyl starch- 
insu in combination useful for the controlled release administration of 
msulm. • . 

EXAMPLE Vn 

The experiment of Example VI is repeated in all essential details, 

should yield a hydroxyethyl starch-amino acids combination useful for the 
controlled release administration of amino acids. 

EXAMPLE Vlll 

The experiment of Example VII is repeated in all essential details 
except enkephalin (peptide) is substituted for insulin. The experiment 
should yield a hydroxyethyl starch-enkephalin combination useful for the 
controlled release administration of enkephalin. 

EXAMPLE IX 

. The experiment of Example I is repeated in all essential details 
except hydroxypropyl starch is substituted for hydroxyethyl starch. The 
experiment should yield an iron-hydroxypropyl starch combination. 
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to .n .„i„«, ° c„.p„«, 

5 btologidiy ""binatlon of said 

2. The composition of claim i 
•biologically active ' therein the 

jr ouxive compound to +v,« u ^ 
through a Chemical bond! ^ydroxyalkyl starch 

^. The composition of claim 1 
hydroxyaUcyi starch is hvd ^' wherein the 

" *^y<iroxyethyl starch. 

5. The composition of claan, i 
biologically active 

compound is * ^ ' "wherein the 
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o« A method Titr aHn.<s^j ^ 

formulation. „Moh co^pri™ " ' -"""'^ «Xoas. 
. co.Mn.ti„n '"T"'"-^"* *° 

20 acc.pt.bl. dosage form. ° farmaceuticaUy 

7. Th. nothod of olain 6. wher.in »v 
bioXo,io.lXy -iv. o„„po«„d i. bo:aed "o :J 
Hyaro^al^l «-- throu,. a cH.„icaX bond 

8. The method or cla-fm a 

25 biologically active ^' ^^^''^i^ the 

-"-y actxve compound is a drug. 
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9. The method of claim 6 or 7 i wherein the 
hydroxyalkyl starch is hydroxyethyl starch. 

10. The method of claim 6 or 7, vherein the 
5 biologically active compound is iron. 



